Abstract-In this paper, the power energy management of the micro-grid system that consists of photovoltaic (PV), wind and energy storage systems is analyzed. The micro-grid is proposed to cater the load demand in standalone mode. The operation is set the PV to act as a primary source follow by the wind energy and the energy storage as a back-up source. The main focus in this paper is to propose the strategy of energy management of renewable energy sources. The design consideration and analysis are setup in Matlab/Simulink environment.
I. INTRODUCTION
Energy plays an important role in human activities. The utilization of fossil fuel based energy resources has increased the impact on the global environmental issues such as CO2 emissions that contribute to global warming and a drastic climate changing. The need of exploitation of new sources such as renewable energy (RE) becomes crucial. The combination of multi-source renewable energies at the distribution stage and the proper energy management will definitely reducing the cost of operation and could deliver the best efficiency and reliability to the users. The major problem for energy distribution is to supply the electrical power in rural area. This is because the cost that involves developing the utility grid in certain area is high due to the location and geographical condition [1] . The combination or hybrid of RE could become one of solution for that problem and also would provide a clean and none pollute energy to the isolated area [2] . Standalone of PV-Wind generation and combined with energy storage could provide uninterrupted power supply that suitable to be used in isolated or rural area [3, 4] .
In this paper, the simulation model of a micro-grid system of hybrid PV-Wind generation combined with energy storage is developed by using Matlab/Simulink. The purpose of the controller is to manage the power generated that balance the supply to load demand. The objective of the systems control is to make sure no interruptions although there is uncertainty happen due to climate changes. The aim of this paper is to provide the information as a simple controller can be setup by proposing the energy management strategy for multi input of renewable energy source. The result can be used as a first step to understand the behavior of energy management in the microgrid system.
II. MICRO-GRID STRUCTURE
A) Systems Configuration Figure 1 show the system for the micro-grid. In this system, the PV photovoltaic and wind sources are the premier energy that will supply to the load while battery is used as backup energy source. The system could be categorized as environmental friendly due to the renewable energies used. Energy management is the most important part in order to make sure the system configuration could deliver the electricity to the load demand without failure [5, 6, 7, 8, 9] . In this paper, the DC hybrid PV-Wind with energy storage is setup and the control is focusing in power energy management as shown in figure 1. The micro-grid is designed to operate in isolated mode from the main grid. The system must make sure the energy produce can cater the load demand. Therefore, in designing the micro-grid, the sizing part is crucial part for minimizing the cost of operation. This micro-grid is designed based on the load demand in Jarak Island that used and guarded by the military. Figure 2 shows the demand of electricity that has been used in that island. Currently, the diesel generators are used as a main source in delivering electricity at the island. The consumption of the diesel is a problem for the sustainability energy and operation cost. The island used a total of 49kW/day as shown in figure 2. This had limited only at night uses due to the logistic constrain in providing diesel. If the total power used is estimated up to 135kW/day, then the proposed of micro-grid system could be installed. This could give more flexibility in electricity usage day and night. Therefore the proposed of micro-grid system based hybrid renewable energies would resolve the problem of limitation electricity in that island. The proposed micro-grid system is proposed to deliver electricity to the island while assuming the utilization of load demands is expanded. In such way, the capacity factor (Cf) of the hybrid system in proposed micro-grid could be defined as; 
Where the P total is an average output power of the renewable energy (PV and wind) over period time and P nominal is nominal power of renewable energy over the period of effective. The capacity factor can help the sizing of the each renewable source in the system. The capacity factor can be determined as per day, month or years. The objective of sizing hybrid system is to minimize the power different (∆P dif ) between power demand (P load ) and power generation (P gen ). Thus, it can be defined as;
By expanding Equation 2, then holds;
Where, P pv is a power of solar PV and P wind is a power of wind generator. While, the P batt is a power of energy storage for stabilizing the energy sources intermittent. Therefore the systems can be sizing and expanding as follows;
Where Cf Pv is capacity factor for PV and Cf Pwind is capacity factor for wind. With the capacity factor, the sizing of each RE sources unit become more efficient in term of energy conversion and the systems can be setup according to specific area.
III. PROPOSED STRATEGY FOR POWER ENERGY MANAGEMENT
Power energy management is the most critical aspect in micro-grid, whereas to make sure in delivering the electrical energy according to the load demand in any circumstances. The problem becomes more complex if the system is involving the renewable energy sources, which are intermittent at the input sources. Therefore, the strategy of power energy management must be setup in order to smooth the power delivery. At first, in such micro-grid system, it can be assumed equality as; Pload = P gen = P pv +P wind (5) Nonetheless, in order to ensure the proposed system is robust and could deliver the objective even in bad weather condition. Therefore it is must satisfy such P load > P gen .
The condition can be expanded as; P load = P pv +P wind +P batt (6) In a condition of P pv ≤ 0, then
In case of P gen > P load , the energy storage (battery) will be charged, such that;
P batt =P pv + P wind s.t.: P gen > P load (8) Therefore, referring to Figure 3 , four operating modes are then proposed based on the condition of the micro-grid and renewable energy sources. The systems limit the minimum state of discharge to 40% and state of charge (SOC) to 90%. This condition can make sure the life spent of the battery. Four operating modes are as follow; Mode 1: In this condition wind and battery system is in ideal stage. PV will generate power and deliver to the load.
Mode 2:
The wind generation will compensate the deficit of power if the condition PV cannot generate enough power to the load. This situation happens normally in cloudy day. Both of converter will be in ON condition while battery still in ideal stage. Mode 3: Normally in bad weather or night situation the PV cannot generate power. Energy storage and wind generation will deliver the power to load demand. Mode 4: When the power generates by renewable sources are high. The additional power will charge to the energy storage. 
IV. SIMULATION RESULT AND DISCUSSION
The DC micro-grid is developed for the simulation purpose and hence the DC load is used as shown in figure 4 . The objective is to make sure the control interface can manage the energy according to the load demand without any interruptions. The system can convert the DC to AC signal by using inverter and maintain the voltage range in the DC bus. Table 1 indicates the total power design in the micro-grid system. PV array consist of 14 panel of 300W in parallel with 3 strings. The converter used is boost type. The battery used in the systems is NICD 150V total volt with capacity of 120 AH. The wind system setup is 19.8kW due to the intermittent of the place with maximum speed of 12m/s. The converter type buck was used to control the output of the wind generation. The micro-grid system uses the fuzzy method as explain in figure 5as an interface to manage the energy according to the condition of the load and the intermittent causes by the input sources to the distribution generation. The aim of this part is to observe the simulation results in order to clarify the efficiency of the MPC-KF controller by using MATLAB/Simulink. To shows the effectiveness of MPC-KF, the comparisons with PI-PWM controller of DC-DC converter are made. The PI-PWM controller is being compared fairly because both controller using the same switching frequency. The simulation results are shown to demonstrate the performance of the proposed controller under several conditions. For the first case, the frequent of switching signal is presented. While for the second case, the transient responses of the start-up scenario and load changes are analysed. The circuit parameter of step-down DC-DC converter is shown in Table 1 . Meanwhile, the parameters of PI-PWM controller are shown in Table 2 .
The systems will respect the condition of mode operation that explains in the figure 3. The inputs for fuzzy controller are the total power, PV voltage and SOC percentage. Meanwhile, the output state of the systems is to control the charging and discharging of the energy storage. Since the proposed microgrid system do not used diesel generators as a backup. Thus, the utilization of energy storage must be in optimum in order to make sure the energy demand can be fulfill. As mention in section II, the PV systems depend on solar irradiation to make sure it can convert the energy to electricity. Hence, in figures 6 and 7show the output of the PV array systems that coherent with the irradiation and temperature that capture by the solar cells. The result show in figure 8 is the voltage DC bus when there is no wind. From period of 0 to 2.3 second the power was generate from energy storage which is 296V and current 38.5A as shown in figure 9 . The solar PV array system injects electricity start from period 2.3 second to 3.3 second before drop again and continues using energy storage to supply electricity to the load. This simulation show the effect of intermittent that create by solar irradiation as shown in figure 10. Figure 11 illustrates the result at stage of energy state of the battery. Start from period 0 second to 2.3 second the battery was discharging according to the energy management's controller that set by using fuzzy controller. When the power of the system has surplus the nominal power in normal condition, the controller will decide the surplus amount of power to charge to the energy storage. This result can be seen at period of 2.3 second to 3.3 second. Meanwhile, figure 12, indicates the power demand if the load increase to 20%. From 0 second to 2.3 second the total power that inject to the load is 8.94kW, which is 11% increase from the actual load and the total power inject increase to 20% when there is PV solar output in the system. Then, figure 13 show the period of discharge and charging of the energy storage state. The energy storage is always in the discharge state if compares the result with figure 11. It shows that if the system remains increasing the load each time the life time of the energy storage will be shorten. In figure 14 , the power of the system will reach 15kW at 0 second to 2.3 second and increase almost 16kW with normal load as mention in figure 2 . The output of the systems increases when the wind starts to inject the power to the systems. In this paper, a constant of 8m/s is used as a speed input of the wind system. The energy storage will be charged as shown in figure 15 when there is surplus of the power in the systems.
The systems more stable even the load are increase to 20%. The total power of the system was remain almost 16kW all the period as show in figure 16 . At the period 0 second, energy storage is in discharge mode. The system used wind and battery to support the load demand. When PV array system delivers the power to the system, the additional power is used to charge the battery at period 2.3 second to 3.3 second. The battery will discharge when there is no irradiations appear as depicted in figure 17. In this paper, the proposed of PV-Wind and energy storage micro-grid system has been proposed. The system configuration and mode of operation was discussed. The primer energy use as a premier generation in the systems is solar and wind. The energy management is setup by using fuzzy control in order to control the output of each generator distribution. The main objective of this control is to make sure the power output can maintain in normal and high condition of load profile or nature change. In order to provide good energy management in term of energy produce and energy cost efficient, the battery condition must be optimize in its utilization. The model proposed is developed and test in Matlab/Simulink. The results show the effectiveness of the proposed power energy management in micro-grid.
